Background: Fumaric acid esters (FAEs) are used for systemic therapy of moderate to severe psoriasis. Until recently, only a mixture of dimethyl fumarate (DMF) and three salts of ethyl hydrogen fumarate was available. However, a drug containing DMF as the sole ingredient was registered for the same indication in 2017. This prospective study aimed to investigate the switch from the currently used FAE mixture to DMF alone. Patients and methods: Forty patients were consecutively recruited, for whom the FAE mixture was switched to DMF alone on the basis of the last DMF-equivalent dose without interrupting treatment. At the first check-up after switching, the efficacy and tolerability of the DMF drug was compared with that of the previous treatment. Results: The data show that the efficacy remained unchanged in the majority of patients. Tolerability (e.g. gastrointestinal complaints and flushing) of the DMF drug was rated equal or better in most patients than with the previous treatment.
Introduction
Fumaric acid esters (FAEs) are widely used for systemic therapy of moderate-to-severe psoriasis in Germany, with a prescription rate of more than 50 %. Fumaric acid esters are also used frequently in the Netherlands, United Kingdom, and Ireland for first-line treatment [1, 2] . Until recently, a mixture of four different fumaric acid esters including the main active compound dimethyl fumarate (DMF, Fumaderm ® ) was only authorized in Germany. Since 2017, a product containing DMF alone (Skilarence ® ) has been authorized in Europe and is now available outside Germany as well.
The advantages of the DMF product are that the only active substance it contains is DMF, flexible dosing is possible using the 30 mg and 120 mg tablets, and the DMF product is cheaper than the FAE mixture in Germany. The only requirement for safety monitoring is ensuring that laboratory parameters are within the normal range every three months. Switching from the FAE mixture to the DMF product therefore seems reasonable.
There are no data yet as to whether a direct switch from the FAE mixture to the DMF product can be performed without a washout period. A prospective study was performed to address this issue. Patients who were stable under treatment with the FAE mixture were asked to switch to the DMF product. Patients were asked about tolerability and other treatment-related parameters at the first follow-up visit after switching.
Methods
This prospective observational trial was approved by the Ethics Committee of the University of Kiel (AZ: D553/17). Patients who were treated with the FAE mixture and presented at the outpatient service of the Kiel Psoriasis Center for routine safety monitoring were asked to participate, and written informed consent was obtained before they entered the study. Patients whose psoriasis had improved and who could tolerate treatment with the FAE mixture were recruited.
Treatment with the FAE mixture was switched to the DMF product without any interruption on the basis of the current DMF dose in the FAE mixture. Patients were then scheduled for the next regular check-up three months later.
To assess psoriasis severity, we used the PASI (psoriasis area and severity index). When presenting for their first checkup after switching, patients were handed a questionnaire to investigate their views about tolerability and efficacy and to provide a global judgment of the switch.
Results
A total of 40 patients (24 male, 16 female) were prospectively and consecutively recruited to the study and underwent a check-up after switching treatments.
The age of adult patients ranged from 18 to 74 years with a mean age of 46 years. One patient was 13 years old and received treatment off-label. Table 1 shows the demographics of the patients and the DMF dose at the time of switching from the FAE mixture to the DMF product. Most patients were treated with a daily DMF dose between 120 mg and 480 mg, and had previously been treated with the FAE mixture for one to five years ( Figure 1 ).
In general, the patients regarded the outcome of the switch to the DMF product as neutral or positive (18 positive, 18 neutral, 4 negative). Efficacy as assessed with the PASI was equal or better in 34/37 patients, while 3/37 had a higher PASI severity after switching ( Figure 2 ). A PASI estimate was not available at one of the visits in 3/40 patients.
According to regulatory requirements, both drug products have a similar formulation. Therefore, adverse drug effects such as gastrointestinal (GI) complaints should not differ in symptoms or intensity. The majority of patients (27/40) did not experience any difference in GI complaints after switching from the FAE mixture to the DMF product. Gastrointestinal tolerability was judged as better for the DMF product by 7/40 patients and worse by 2/40 patients. No GI complaints were reported with either drug product by 4/40 patients. Flushing was unchanged in 24/40 patients, 8/40 reported less flushing and 6/40 reported more flushing. Flushing did not occur with either drug product in 2/40 patients.
Regarding the question of overall tolerability, 28/40 patients reported similar tolerability, 8/40 reported better tolerability with the DMF product and 4/40 said that tolerability was worse after switching. In answer to the question about skin status in general, 27/40 patients reported that it was unchanged after switching from the FAE mixture to the DMF product, patients, 7/40 reported that it was better and 6/40 said it was worse. 
Discussion
Therapy of systemic psoriasis with FAE has a long tradition in Germany and also in the Netherlands. In Germany, a mixture of DMF and three salts of ethyl hydrogen fumarate (Fumaderm ® ) has been authorized since 1994; the FAE mixture has been made up in compounding pharmacies in the Netherlands. Scientific evidence has shown that DMF is the active ingredient in the FAE mixture, and acts as a prodrug for the main DMF metabolite (monomethyl fumarate; MMF) after oral administration [3] . In fact, the first DMF product was registered earlier for the treatment of relapsing-remitting multiple sclerosis (Tecfidera ® ). Since fall 2017, another DMF product has been approved for oral first-line therapy of moderate-to-severe plaque psoriasis (Skilarence ® ) [4] . The extent of gastrointestinal symptoms and flushing depends on the formulation of the DMF-containing drugs. Due to regulatory requirements, the FAE mixture and the DMF product have similar formulations. Consistent with this, the results of our observational study showed that the majority of our patients did not observe any difference after switching from the FAE mixture to the same dose of DMF. This was also shown for flushing, although there is little evidence that flushing depends on the details of the formulation.
Omitting the three salts of ethyl hydrogen fumarate from the FAE mixture did not result in any change in the tolerability or efficacy of the DMF product. As stated in a recent review, there is no scientific evidence that ethyl hydrogen fumarate salts have a pharmacological effect in psoriasis [5] .
Most of the patients in our study had already been treated with the FAE mixture for one to five years, and 22.5 % were long-term users, having taken the drug for 5 to 10 years. The patients investigated in the study were clinical responders to FAE and were able to tolerate potential adverse effect such as GI complaints and flushing. The unexpectedly high proportion of patients who regarded the switch from the FAE mixture to the DMF product as positive may be due in part to the fact that recommended intervals between check-ups are three months with the DMF product instead of one month with the FAE mixture.
In conclusion, the results of this study show that psoriasis patients can switch from the traditional FAE mixture to the same dose of DMF with similar clinical relief but without any washout period.
